BACKGROUND & AIMS:
Scalable and Q7 effective treatments are needed for children with functional abdominal pain disorders (FAPDs). We performed a randomized controlled trial of the efficacy and cost effectiveness of cognitive behavioral therapy delivered online (internet CBT) compared with usual therapy.
METHODS:
We studied children (age, 8-12 y) diagnosed with FAPDs, based on the Rome IV criteria, in Sweden from September 2016 through April 2017. The patients were assigned randomly to groups that received 10 weeks of therapist-guided, internet-delivered cognitive behavioral therapy (internet CBT, n [ 46) or usual treatment (treatments within the health care and school systems, including medications and visits to doctors and other health care professionals; n [ 44). The primary outcome was global child-rated gastrointestinal symptom severity assessed using the Pediatric Quality of Life Gastrointestinal Symptom scale. All outcomes were collected from September 2016 through January 2018. Secondary outcomes included quality of life, gastrointestinal-specific anxiety, avoidance behaviors, and parental responses to children's symptoms. Societal costs and costs for health care consumption were collected during the treatment.
RESULTS:
Children who received internet CBT had a significantly larger improvement in gastrointestinal symptom severity with a medium effect size (Cohen's d [ 0.46; 95% CI, 0.05-0.88; number needed to treat, 3.8) compared with children who received the usual treatment. The children's quality of life, gastrointestinal-specific anxiety, avoidance behaviors, and parental responses to children's symptoms also improved significantly in the internet CBT group compared with the usual treatment group. The effects of internet CBT persisted through 36 weeks of follow-up evaluation. Children who received internet CBT had significantly less health care use than children who received usual treatment, with an average cost difference of US $137 (P [ .011).
We calculated a cost savings of US $1050 for every child treated with internet CBT compared with usual treatment.
CONCLUSIONS:
In a randomized trial of pediatric patients with FAPDs, we found internet CBT to be clinically cost effective Q8 compared with usual treatment. Internet CBT has the potential to increase the availability of treatment for a number of patients and reduce health care costs. ClinicalTrials.gov: NCT02873078.
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P ediatric functional abdominal pain disorders (FAPDs) are characterized by recurrent or persistent abdominal pain. Common FAPDs include irritable bowel syndrome (IBS; with altered bowel habits), functional dyspepsia (with epigastric pain, early satiety, or both), and functional abdominal pain not otherwise specified. 1 The prevalence of pediatric FAPDs is approximately 13%, 2 and for many children the abdominal problems persist into adulthood. 3 Pediatric FAPDs are associated with low quality of life, 4 and large health care costs with minimal yields. 5 There is growing support for cognitive behavioral therapy (CBT) for children with FAPDs, 6 but the availability of CBT is limited in pediatric care. 7 Internetdelivered CBT (Internet-CBT) may help to bridge this treatment gap. Internet-CBT holds several advantages over traditional face-to-face therapy: it can be delivered to people in remote areas, patients can access the treatment without taking time off from school or work, and it requires fewer therapist hours per patient. 8 Internet-CBT has been shown to be effective in randomized controlled trials for such pediatric pain conditions as recurrent pain, 9 chronic pain, 10, 11 headache, 12 and adolescent IBS
Q11
. 13 The aim of this study was to evaluate the clinical and cost effectiveness of therapist-guided Internet-CBT for children with FAPDs. We hypothesized that Internet-CBT would lead to decreased symptom severity, increased quality of life, and reduced costs.
Methods
This study was reported in accordance with the CONSORT Q12 and the CHEERS Statements and approved by the Regional Ethical Board in Stockholm, Sweden, in August 2016 (Dnr: 2016/1289-31). All authors had access to the study data and reviewed and approved the final manuscript.
Inclusion Process and Criteria
Patients were recruited nationally in Sweden between September 2016 and April 2017 (see flowchart in Supplementary Figure 1) . Physicians within primary, secondary, or tertiary care referred all patients to the study. The physicians were informed about the study via e-mail, visits to clinics, and lectures. The referring physicians certified a diagnosis of FAPD (the required workup is summarized in the Supplementary Materials and Methods section).
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Inclusion criteria were as follows: (1) age 8 and 12 years; (2) fulfilling Rome IV criteria for at least 1 of the diagnoses: IBS, functional dyspepsia, or functional abdominal pain not otherwise specified 1 ; (3) stable dosage of any psychopharmacologic medication for at least 1 month; (4) Internet access; and (5) basic reading and writing skills. Children were excluded if they had the following: (1) another disease that explained their symptoms, (2) severe psychiatric or social problems (eg, high level of suicidal ideation or ongoing abuse), (3) school absenteeism of more than 40%, or (4) other ongoing psychological treatment. Excluded children were referred to other interventions (eg, school interventions or psychiatric care). Further details about the inclusion process are reported in the Supplementary Materials and Methods section.
Randomization
The patients were randomized (in a 1:1 ratio) to Internet-CBT or treatment as usual (see the Supplementary Materials and Methods section for randomization details). The children randomized to treatment as usual were crossed over to Internet-CBT after the primary end point at the 10-week follow-up evaluation.
Internet-Cognitive Behavioral Therapy
The treatment was adapted from protocols used for adults 14 and adolescents with IBS. 13 Adaptations were made to include all common FAPDs, not only IBS, and to make the treatment age appropriate. 15, 16 The children's exercises included exposure to symptom-provoking stimuli (eg, eating certain food or wearing tight clothes) and situations in which they feared having symptoms (eg, physical exercise or being in school). They also decreased their symptom-controlling strategies (eg, precautionary toilet visits and as-needed medications). A short mindfulness exercise was taught as a means to increase awareness of the abdominal symptoms. The parents encouraged their child's work with exposure exercises, decreased their attention to symptom complaints, and increased attention toward more adaptive behaviors. An overview of the treatment is presented in Supplementary Figure 2 and a comprehensive description of the treatment protocol is available elsewhere. 16 
Therapist Support
Therapists provided online support to the children and their parents through written text messages (see the 117  118  119  120  121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174 Supplementary Materials and Methods section for details on therapist support and Supplementary Figure 3 ). The therapists (n ¼ 7) were licensed psychologists who specialized in CBT and had extensive experience in Internet-CBT.
Treatment as Usual
Treatment as usual included treatments within the health care and school systems, including medications and visits to doctors and other health care professionals. Data were collected on frequency and type of health care used. Children receiving Internet-CBT were also free to seek other treatment.
Data Collection
Data were collected from September 2016 to January 2018. Outcome measures were assessed online at baseline, at the 10-week follow-up evaluation (primary end point), and for the Internet-CBT group at the 36-week follow-up evaluation. An overview of the assessments is presented in Supplementary Table 1.
Children's Measures
The primary outcome was global child-rated gastrointestinal symptom severity assessed with the Pediatric Quality of Life Gastrointestinal Symptom Scale (PedsQL Gastro). The PedsQL Gastro has acceptable internal consistency 17 and is a 5-point, 9-item measure ranging from 0 (never) to 4 (almost always) that is reversed and transformed to a scale of 0 to 100 (lower scores indicate more severe symptoms). Quality of life was assessed with the Pediatric Quality of Life Inventory, which has shown reliability and validity. 18 The Pediatric Quality of Life Inventory is scored similar to the PedsQL Gastro. Children's avoidance behaviors and daily functioning were measured with a child-adapted version of the IBS behavioral responses questionnaire for adults (BRQ-C). 19 Gastrointestinal-specific anxiety was assessed with a child-adapted version of the Visceral Sensitivity Index for adults (VSI-C). 20 Both the BRQ-C and VSI-C showed good validity and reliability in the present sample. The full description of the adaptation and validation of the scales (BRQ-C and VSI-C) will be published in a separate article. Satisfaction with the treatment was assessed with the Client Satisfactory Questionnaire-8 21 and the subjectively rated global effect was measured by the Subjective Assessment Questionnaire. 22 
Parent
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Measures
Parents assessed their child's gastrointestinal symptom severity, quality of life, treatment satisfaction, and perceived effect of the treatment with parental versions of the children's scales described earlier. 
Statistical Analyses
Power calculations showed that approximately 80 participants were needed to achieve a power of 80% to detect a between-group effect size of d ¼ 0.6 (a ¼ .05) on the primary outcome measure. To account for drop-outs, 91 children were recruited. Treatment effects were assessed with an intent-to-treat analysis based on restricted maximum likelihood linear mixed models. Between-and within-group effect sizes were calculated as Cohen's d 25 based on estimated mean differences between baseline and follow-up evaluation, divided by the observed sample SD at baseline. Clustered bootstrap resampling with 5000 replications was used to obtain 95% CIs for the effect sizes. Clinically significant change was defined as 30% or greater improvement on the primary outcome (PedsQL Gastro). 26 Changes in the mean cumulative costs between groups over the treatment period were assessed using generalized linear models controlling for baseline estimates. All costs are presented in US dollars based on 2016 price levels. Mean differences in quality of lifeyears (QALYs) gained over the treatment period between What You Need to Know Background Treatments for functional abdominal pain disorders are not available to all patients. We investigated the efficacy and cost savings of online delivery of cognitive behavioral therapy (internet CBT) compared with usual therapy for children with functional abdominal pain disorders.
Findings
Internet CBT improved children's abdominal symptoms and quality of life compared with usual treatment and was more cost effective. The treatment gains were sustained 6 months after treatment.
Implications for Patient Care
Internet CBT is scalable and can be delivered to patients anywhere. It can reduce suffering for children and costs to society. groups were assessed using linear mixed models. Differences of mean cumulative costs and mean QALYs gained were estimated and the incremental cost effectiveness ratio was calculated using the difference in costs divided by the difference in QALYs. 27 To estimate CIs Q15 for the incremental cost effectiveness ratio, bootstrapping with 5000 replications was used. The uncertainty around the mean incremental differences in cost and effect (QALYs gained) estimates was illustrated using a costeffectiveness plane alongside the standard errors and CI. Sensitivity analyses were used to determine the robustness of the estimates (see the Supplementary Materials and Methods section). Statistical calculations were conducted in R 
Results
The results were based on 90 children with a mean age of 10.1 years (SD, 1.4 y). The average time for all weekly therapist support was 21.9 minutes (SD, 11.5 min) per family. Baseline characteristics are presented in Table 1 .
Attrition and Treatment Adherence
At the primary end point, 93% of the children and 96% of the parents who received Internet-CBT and 95% of children and parents who received treatment as usual completed the assessments. At the 36-week follow-up evaluation, 87% of children and parents in the Internet-CBT group completed the assessments. Children and parents in the Internet-CBT group completed on average 9.3 and 9.2 modules, respectively (Supplementary Figure 4) .
Children's Measures
We observed a significant treatment effect for gastrointestinal symptom severity at the primary end point with a moderate effect size (d ¼ 0.46; 95% CI, 12 (26) 16 (36) 28 (31) Anxiety disorder, n (%)
10 (22) 14 (32) 24 (27) Depression and/or suicidal thoughts, n (%) 3 (7) 4 (9) 23 (50) 31 (70) 54 (60) Pain, n (%) 7 (15) 11 (25) 18 (20) Laxatives, n (%)
11 (25) 22 (50) 33 (37) Gastroenterology
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, n (%)
9 (20) 9 (20) 18 (20) Probiotics, n (%) 3 (7) 2 (5) (Table 2 ). All improvements gained during the treatment remained at the 36-week follow-up evaluation for the children receiving Internet-CBT (Table 3 ). Some of the children's outcomes are not presented in this report (see the Supplementary Materials and Methods section for these results).
Parent Measures
The parents' assessments showed significant treatment effects with moderate effect sizes between baseline and the primary end point for gastrointestinal symptom severity (d ¼ 0.64; 95% CI, 0.26-1.03) and quality of life (d ¼ 0.64; 95% CI, 0.33-0.94), favoring Internet-CBT ( Table 2 ). The parents' responses to their child's pain behavior showed significant treatment effects with medium to large effect sizes for monitoring behaviors (Table 2) . At the 36-week follow-up evaluation, the parent-rated improvements gained during treatment remained stable or improved for the Internet-CBT group (Table 3) . Within-group effect sizes from baseline to the 36-week follow-up evaluation were very large for gastrointestinal symptoms (d ¼ 1.97; 95% CI, 1.50-2.46) and parents' monitoring behavior (d ¼ 1.80; 95% CI, 1.35-2.33). Some of the parents' outcomes are not presented in this report (see the Supplementary Materials and Methods section for these results).
Clinically Significant Change
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Treatment Satisfaction and Subjectively Rated Global Effect
Most children (39 of 45; 87%) and parents (43 of 46; 93%) in the Internet-CBT group would recommend the treatment to a friend in need of similar help. Most children (40 of 45; 89%) reported that their symptoms improved during Internet-CBT, 2 children described their symptoms as unchanged, and 1 child rated their symptoms as slightly worsened.
Adverse Events
Only a few short-term adverse effects were reported in both groups during the trial (see the Supplementary Materials and Methods section).
Cost Effectiveness
The total average cost per patient for use of societal resources was US $2780.88 (SD, $4243.56) for Internet-CBT and US $3755.37 (SD, $6108.69) for treatment as usual. An overview of the average costs for use of resources and incremental cost differences between groups is presented in Supplementary Table 4 presents an overview of all health care visits during the treatment period for both groups. Internet-CBT resulted in 0.0181 QALYs gained compared with decreased QALYs in the treatment-as-usual group (-0.0006 QALYs), resulting in a mean incremental health gain of 0.0187 (95% CI, 0.0102-0.0271; P .001) QALYs (Figure 1 ). Bootstrapped samples of incremental cost-effectiveness ratios ( Figure 2 ) were distributed mainly in the southeast quadrant, indicating that Internet-CBT was dominant (ie, rendered larger improvements while saving costs). The probability that Internet-CBT was cost saving was 92%. The direction of the results did not change in the sensitivity analyses, indicating the robustness of the results.
Discussion
In this randomized controlled trial, we found that therapist-supported, exposure-based Internet-CBT was superior to treatment as usual in children with FAPDs. Effect sizes were generally moderate to large at the 36-week follow-up evaluation; treatment gains for patients in Internet-CBT were stable or further improved. Furthermore, Internet-CBT was found to be highly cost effective and rendered a sizable reduction in the use of health care services. Taking a societal perspective, there was a cost difference during treatment of US $1050 per patient.
Exposure to painful stimuli may be perceived as challenging to children with FAPDs and their parents. However, the children and parents in our study showed high adherence to treatment. The few undesirable effects that were observed in both groups were likely a natural part of participating in the study, with increased awareness of symptoms and exposure to previously avoided situations.
The high adherence rate was consistent with our prior trials 13, 15, 16 and probably reflected satisfaction with the treatment. Explicit instructions to log-in to new modules on weekends and automatic reminders also probably were helpful. 581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638 Studies of Internet-CBT based on exposure exercises for adults 14 and adolescents 13 with IBS generally have shown positive results on a wide range of measures and, in adults, it also has been proven to be cost effective.
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This study confirms and extends these previous reports to young children with all of the most common diagnoses within FAPDs, not only IBS, and also suggests that parents can be effective as co-therapists with this kind of treatment. We have found no other Q17 psychological treatment study for pediatric FAPDs that presents both clinical and cost-effectiveness analyses. However, in a cost-effectiveness study of internet interventions in children with chronic pain, Law et al 31 found that CBT was equally cost effective as an educational intervention. In a study of brief telephone interventions in children with FAPDs, Levy et al 32 reported that an intervention based on CBT led to fewer child health care visits for abdominal pain than an intervention based on education and support.
The randomized controlled study design with intentto-treat analyses and low attrition were major strengths of this study. External validity was strengthened by the fact that physicians within regular health care referred all patients to the study. Other strengths included the use of double informants for the assessments, the tight control of the treatment content and procedure, and the strict use of CONSORT criteria for the design and report of the study. 33 A final strength worth mentioning was the detailed assessment of health care consumption during the study. This approach enabled a description of which resources the patients used during the treatment period, thereby increasing the reliability and validity of the comparisons of costs between the groups. A limitation was that children randomized to the treatment-as-usual group were crossed over to Internet-CBT after the 10-week follow-up evaluation. Although patients in the treatment-as-usual condition were free to use additional treatments, which they did to a large extent, that study arm did not control for the nonspecific treatment effects of attention and expectation in Internet-CBT. 34 In addition, the cross-over design may have induced a negative expectancy in the treatment-as-usual group. Nevertheless, treatment as usual controlled for the natural course of FAPDs, regression to the mean, and other potential benefits of being included in a study. Treatment as usual was designed to resemble what children with FAPDs are offered in regular health care. Moreover, treatment as usual is considered to be an appropriate comparison to evaluate whether a new treatment offers an 697  698  699  700  701  702  703  704  705  706  707  708  709  710  711  712  713  714  715  716  717  718  719  720  721  722  723  724  725  726  727  728  729  730  731  732  733  734  735  736  737  738  739  740  741  742  743  744  745  746  747  748  749  750  751  752  753  754   755  756  757  758  759  760  761  762  763  764  765  766  767  768  769  770  771  772  773  774  775  776  777  778  779  780  781  782  783  784  785  786  787  788  789  790  791  792  793  794  795  796  797  798  799  800  801  802  803  804  805  806  807  808  809  810  811  812 improvement over current practice. 35 The parents' educational level was high in this study (77% of the parents, most of which were mothers, had a university degree vs 56% of all Swedish women of a similar age), 36 which may reduce the external validity. In addition, the inclusion criterion of basic reading and writing skills excluded newly arrived or marginalized immigrants, which was a limitation to the generalizability of the study. Finally, because of the nature of the treatments studied, it was not possible to blind the patients and therapists to treatment assignment. To minimize measurement bias, participants assessed all measures online in their own homes, without the influence of study personnel.
In conclusion, Internet-CBT is more clinically effective and cost effective than treatment as usual in children with FAPDs. For every child treated with Internet-CBT vs treatment as usual, a societal cost savings of US $1050 was obtained. Internet-CBT has the potential to be scaled-up and provided to a large number of children over any geographic distance. Future research should investigate the role of parental influence in treatments in children with FAPDs and explore predictors and mechanisms of treatment response. 
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Required Work-Up by Referring Physicians to Certify Functional Abdominal Pain Disorder Diagnosis
The referring physicians confirmed that the children had suffered from abdominal pain or discomfort at least 4 days per month for at least 2 months and that evaluation was performed to reassure that the symptoms could not be attributed to another medical condition (Rome IV criteria). The physicians certified normal linear growth, no unexplained weight stagnation or loss, negative tests for transglutaminase IgA antibodies, and normal tests for fecal calprotectin if the child had diarrhea.
Inclusion Process
To confirm the FAPD phenotype at the start of the intervention, children completed an online Rome IV questionnaire. 1 The children and their parents also underwent a clinical interview by a psychologist including the Mini International Neuropsychiatric Interview 2 and collection of informed consent from the parents and the child. If there were any uncertainties about the FAPD diagnosis or psychiatric comorbidity, the authors (O.O., pediatric gastroenterologist; or E.S., child psychiatrist) were consulted.
Randomization Process and Adjustments After Randomization
Randomization was conducted on prespecified dates in 7 blocks shortly after the baseline assessment was complete (block sizes, 5-19 children). Group sizes were balanced within each block. To prevent potential selection bias, a researcher not otherwise involved in the study conducted the randomization procedure. Anonymous study identification numbers and a list randomizer (available at www.random.org) were used to ensure allocation concealment.
One child in the treatment
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-as-usual group was diagnosed with hyperthyroidism after randomization, received medication, and subsequently reported complete relief of abdominal symptoms. Thus, the child was considered to have been diagnosed incorrectly with FAPD and was excluded from all analyses and data reporting. Another child's parent reported that the child had answered the assessments without reading the questions. That child had been randomized to Internet-CBT. A visual inspection showed that the child had answered the questions with long series of maximum or minimum scores in large parts of the questionnaires. The answers from that child were regarded as missing and were removed from the calculations, but the parent's assessments were retained. The parent of another child in the Internet-CBT group reported that the child had serious gastroenteritis at the time of the 10-week followup evaluation, which influenced the responses at that time point. For that participant, the follow-up assessments concerning gastrointestinal symptom severity were replaced by the last weekly assessments of the same measures. Sensitivity analyses of children's assessments (in which the child with answers regarded as missing was included and in which the 10-week followup assessments of gastrointestinal symptom severity for the child with gastroenteritis were used) showed that differences between adjusted and original data were minimal and did not change significance or effect size levels.
Therapist Support During the Treatment
The therapist support consisted mostly of comments on participants work within the platform ( Figure   Q26 7A). Messages within the platform were sent as reminders or to answer participants' questions. If the participants' answers indicated that they had misunderstood some crucial aspect of the treatment or if they did not log-in on a regular basis, therapists called the parents and provided additional support via telephone.
The therapists opened new modules on Fridays for participants who had completed the previous module. Automatic text messages were sent to parents to remind them to log-in and to help their child log-in. The children and parents were instructed to log-in to the new modules during the weekend. The therapists provided feedback on Mondays and also logged in at least once more during the week (before Friday) to provide continuous support to participants and answer any questions.
Calculations of the Health Economy Measures
The Trimbos and Institute of Technology Cost Questionnaire for Psychiatry 3 assessing costs during the past 4 weeks was administered at baseline, week 6, and week 10. Costs attained from weeks 6 and 10 were summed up to estimate the cumulative cost during the 10 weeks of treatment.
Health benefits were expressed as improvements in health-related quality of life. The Pediatric Quality of Life Inventory 4 2 was transformed to the Child Health Utility-9 Dimensions using a mapping algorithm. 5, 6 The health benefits were estimated as quality-adjusted lifeyears gained by multiplying the difference in utility estimates with the study period expressed in years (10/ Q27 52 weeks).
Description of Sensitivity Analyses for Cost-Effectiveness Estimates
The following sensitivity analyses were performed to determine the robustness of the estimates: (1) taking - only the health care perspective, (2) increasing the overall platform maintenance cost by 50%, (3) including all costs for medications (medications related to FAPDs and other medications), and (4) imputing missing cost values (1 missed at week 6 and 4 missed at week 10) using predictive mean matching.
Children's Measures Not Presented in the Report
The past week's worst pain intensity was assessed with the Faces Pain Scale-Revised. 7 Anxiety was measured with a short version of the Spence Children's Anxiety Scale. 8 The Child Depression Inventory Short Version was used to assess depression. 9 Kidscreen-10 is a short version of the quality-of-life measure Kidscreen-52. 10 Pain-free days were assessed by asking how many days during the past week the child had felt so little pain or discomfort that he or she felt okay (0-7 days).
Parents' Measures Not Presented in the Report
Parents assessed their child's pain intensity and anxiety with parental versions of the Faces Pain ScaleRevised 7 and Spence Children's Anxiety Scale 8 described earlier. Children's avoidance and controlling behaviors were assessed by a parental version of the BRQ that included behaviors only observable by parents, leaving 12 items. 11 Children's somatization was assessed with the parental version of the Children's Somatization Inventory. 12 Parents were asked about their children's number of pain-free days (0-7 days). Parents also assessed the child's hours of school absence during the past month in intervals of 0, 1 to 5, 6 to 10, and more than 10 hours. Parental catastrophizing about their children's symptoms was assessed with the Pain Catastrophizing Scale, parental version. 13 The parent's own anxiety was assessed with the Generalized Anxiety Disorder Assessment.
14 Parental general health was assessed with General Health Questionnaire. 15 
Undesirable Effects During the Treatment
Parents were asked to describe any adverse events or undesirable effects of the treatment in free text format. Eight parents in the Internet-CBT group and 9 parents in the treatment-as-usual group reported that their children had experienced 1 or more undesirable effects during the treatment period. In the Internet-CBT group the undesirable effects were worsening of abdominal symptoms (n ¼ 3), headaches (n ¼ 2), anxiety (n ¼ 2), and general negative feelings toward the treatment (n ¼ 2). In the treatment-as-usual group the undesirable effects were increased abdominal symptoms (n ¼ 1), headache (n ¼ 1), anxiety (n ¼ 1), depressive thoughts or shifting mood (n ¼ 5), and negative feelings about not getting help (n ¼ 1).
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